Abstract-Indoor localization techniques that use wireless local area network beacon signals have recently gained considerable attention among research communities. System accuracy is one of the most important issues in indoor localization technology. We propose a Bayesian graphical model based on fingerprinting location algorithm in this study. The proposed Bayesian model was simulated using OpenBUGS, a graphical user interface. We conducted an experiment to collect a sample of reference points in a testbed with a dimension of 51 × 22 m 2 . Results show that the proposed model has improved the accuracy by 25.65% using 15 reference points compared with Madigan model.
I. INTRODUCTION
Navigation technology is one of the most revolutionist technologies to date. Global positioning system (GPS) provides navigation service for people and devices in outdoor environments. Although GPS is the most accurate system that provides localization service, it is unsuitable for indoor environments because of multipath effect and non-line-of-sight (NLOS) channel between satellite and earth objectives. To solve this issue, researchers and developers have introduced a technology that can operate in indoor environments. This technology is called indoor localization system which is a navigation system that works in indoor environments. RADAR considers the first localization system used to track the people in the indoor environment [1] . Recently, this system has become one of the popular systems; several researchers and developers have proposed different techniques and algorithms to achieve high accuracy and good localization system. Indoor localization system is used for different services and purposes, such as finding people, locations, and devices.
Many different technologies are used in indoor localization system. Some of these indoor localization system technologies are based on received signal strength (RSS), such as Wi-Fi, and others are based on radio frequency (e.g., radar). Some techniques are based on ultrasound signal (e.g., Cricket), and others are based on Bluetooth, ultra-wideband, and Bayesian [2] . Each technology is characterized by distinct performance and specifications.
RSS-based methods are the most popular techniques; they can achieve high accuracy and low error localization estimation. Lateration, fingerprinting, and Bayesian techniques are RSS-based, and the most popular and accurate algorithms in indoor localization system. Lateration is a RSS-based method performed in two phases, namely, training and runtime phases. In the training phase (i.e., offline-phase), RSS is collected in different predefined locations from various access points (APs). In the runtime phase, two steps, i.e., ranging and lateration steps, are executed [3] . Similarly, fingerprinting technique consists of two phases: offline and online phases. In the offline phase, RSS is collected and measured in different and predefined locations to build-in radio map. In the online phase, the RSS is compared and match with stored RSS in the radio map to find the objective location.
Bayesian network is another localization technique, which is a probabilistic graphical model that represents a set of random variables and their conditional dependency. In indoor localization system, Bayesian network is used to calculate the conditional probability distribution of current location in the online phase [4] .
In this paper, we propose a Bayesian graphical model based on fingerprinting location algorithm to estimate the user's location in indoor environments. The rest of the article is organized as follows. Section II provides related works that have been conducted in an indoor localization system. Section III describes the indoor localization mode and the proposed model. Section IV presents the results of the estimated location user in a particular testbed. Finally, Section V concludes the study and provides recommendations for future work.
II. RELATED WORKS
The multipath effects and NLOS link between the transmitter and receiver complicate the use of GPS for indoor environment navigation. Indoor localization system is introduced as a solution. In this section, we describe the three most popular techniques used in indoor localization system. Lateration, fingerprinting, and Bayesian techniques are the most popular methods; they can achieve high accuracy and system performance, and they are based on RSS.
A. Lateration
Lateration is an indoor localization technique that estimates the location of the objective. This technique calculates and estimates the distance between the objective device and AP. Many algorithms can be used to provide the distance between the mobile device and AP. These algorithms include RSS, 978-1-5090-4442-9/17/$31.00 c 2017 IEEE This full-text paper was peer-reviewed and accepted to be presented at the IEEE WiSPNET 2017 conference. the arriving signal angle (AOA), the time of arrival, the time difference of arrival of several radio signals, and the received signal phase (POA). Three or more fixed reference points are needed to estimate the indoor location [3] . The signal is suffering because of the problem of the line-of-sight (LOS) link between the transmitter and receiver and effectivity of the multipath signal propagation [5] . These issues affect the time and angle of the RSS and determine the performance of the system. As [6] reported, the average localization estimation error is approximately 24.73 ft in a typical office scenario with a length of 200 ft and width of 80 ft.
B. Fingerprinting Technique
Indoor localization system based on fingerprinting has been a relevant research topic in indoor localization to date. This technique features two main phases, i.e., offline and online phases as shown in Fig. 1 . In the offline phase, the profile of RSS is measured and collected and stored in a database to build-in radio map. In the online phase, the current location is matched with the stored data to estimate the mobile device location. The main drawback of this technique is that the accuracy depends on the number of the reference points that has been measured in the offline phase [7] , [8] . The accuracy of the system increases along with the number of the RSS. A high number of RSS requires large database, prolonging the computational time complicating the system. Requiring a large database increases cost, thus making the system less cost effective. Many researchers have proposed different algorithms for fingerprint-based indoor localization system to minimize and reduce the database size and computational time with improved accuracy. [9] proposed a new algorithm, which is based on curve fitting. The results of this algorithm showed that the algorithm can obtain approximately 20% improvement in localization accuracy compared with other traditional fingerprint-based and lateration-based indoor localization algorithms. The other algorithm is put forward by [10] ; this algorithm denotes the highest AP with RSS as the important AP. The authors concluded that this algorithm can achieve accuracy in indoor environments.
C. Bayesian Network
Bayesian method is a probabilistic graphical model used to calculate the conditional probability distribution of current location (l) exploiting obtained signal (s) in the online phase. There are some of works such as [11] , [12] proposed clustering algorithm to reduce the number of RPs in the radio map. The proposed algorithm in [11] reduced the RPs from 30 to 15 points which means reduced by 50% while the system accuracy improved from 4.2 m to 2.9 m. In [12] , a novel approach was proposed to reduce the measurement effort requirement required for collecting Wi-Fi fingerprints. The authors also reported that the approach can recover the information with error rate below 14% without loss of localization accuracy even with only 5% of the data. [13] introduced a novel approach, which is known as whole domain sampling to sample this network. The authors of this proposal reported that their algorithms can converge to a value of less than 1 ft of the position estimated by the WinBUGS, a general purpose solver.
III. INDOOR LOCALIZATION MODEL

A. Bayesian Network Model
The idea behind the probabilistic location method is to calculate the conditional probability distribution of current location l given a vector of s in the online phase. The posterior probability can be calculated using Bayes' rule.
where p(l) is the prior probability of previous information of location l before knowing any information about RSS, (s|l) is the likelihood function of obtaining variable given by the information of variable l, and (l|s) is the posterior distribution of estimated location l with known vector of signal s. The posterior of conditional probability is the multiplication of prior probability and likelihood function.
A single-floor Bayesian system is considered the first indoor localization system based on Bayesian network using Markov chain Monte Carlo [14] . This system is based on probabilistic approach using a Gibbs sampling algorithm to sample from the posterior distribution.
B. Proposed Bayesian Graphical Model
The proposed Bayesian network is based on Madigan model, which is developed to enhance the accuracy of indoor localization system. The proposed model consists of five parameters, such as AP coordination (X, Y, Z), user location (x, y, z), Euclidean distance D, RSS, and testbed dimension (L, W ). Fig. 2 shows the proposed Bayesian graphical model for indoor localization system using WLAN.
The proposed model is designed using Doodle, which presents a visual approach for designing graphical models. Doodle is bundled with OpenBUGS, a graphical user interface for Bayesian inference using Gibbs sampler (BUGS) language [15] . The nodes of the proposed graphical model are defined as follows:
where X and Y represent the testbed dimension (L × W ).
The node D i represents the distance between the coordinates of the user's location to the location of Ap i , and S i represents the RSS of each AP in a particular area. The nodes of the proposed system can be defined as follows:
The location of the user at any point of ith is bound by the dimension of the testbed (L, W, h). i is an index of the size of radio map.
where L and W are the length and width of testbed dimension, respectively.
• AP location (AP j ): The coordination of APs (x j , y j , z j ) must be measured after they are deployed in the building. j is an index of AP number.
• Euclidean distance D ij is used to obtain the distance between AP coordinates and user location. RSS is normally distributed with mean equal to the regression model of independent variables b i0 and b i1 variance τ b0 and τ b1 .
RSS in indoor environments exhibits a normal distribution, and thus the Euclidean distance is a log normal distribution.
The value of 1 is added to avoid the invalid argument of the log function.
• RSS S ij is the received signal strength measured at user's location ith and AP location jth. S ij was assigned to a normal distribution S ij ∼ N (μ, τ ). Regression model is assigned to be the mean of a normal distribution of S ij . The regression model consists of four parameters (b 0 , b 1 , b 2 , and b 3 ) and one independent variable (D ij ).
• Initial values: The initial parameters are assigned to any random value, and they are defined as a normal distribution b νi ∼ (μ ν ). The initial parameters are required to start the burn-in samples in the initial stage.
C. System Operation
The system is called off-the-shelf localization system which is capable to predict the unknown location using existing APs in any particular indoor environment. It consists of the following phases:
• Offline phase, mobile device associated with Wi-Fi network such as smart phone and laptop use to collect RSS fingerprints at random RPs. 
where χ i represents fingerprint measurement at each RPs with
. The data collection can be done by using software called WiFi Scanner [11] . At the end of this phase, the system builds a radio map contains particular information that will be used in the online phase.
• Online phase, this phase is responsible to determine the unknown location based on Mdegan model and data collection in the offline phase. OpenBUGS program is used to design a Bayesian network and estimate the user location based Gibbs sampling. It has the capability to draw a huge number of samples based on the Bayesian model and radio map.
IV. EXPERIMENTAL TESTBED
The experiment and simulation campaign was conducted along a corridor width of 3 m with a dimension area of 51 × 22 m 2 . Four Linksys-Cisco-WRT54G2-802.11 b/g APs with an operating frequency of 2.4 GHz were used with four APs placed on the same floor. Fig. 3 shows the locations of the APs that were chosen in which the APs were placed at many different locations in the building. The best location of APs that the signal coverage can cover most of the areas on the floor was selected to evaluate the user's location. Wi-Fi scanner software [11] was used to collect offline data; it is a WiFi signal scanner software that can to provide information, such as RSS, for each AP. We collected 30 samples in a 360
• rotation with one-second time interval at each calibration point.
The RSS recorded four APs along the corridor on the ground floor. Fig. 4 shows the mean of RSS for 50 locations along the corridor. The RSS mean is high when the location is close to APs, whereas the RSS mean is weak when the location is far from APs. However, all RSS possess same value obtained at the middle of the distance (crossing area). The fingerprint at each location exhibits a unique RSS mean, making the estimation of the user's location in indoor environments using fingerprinting technique the best option. The effects of RSS in indoor environment were investigated by [16] which introduced three types of RSS data that might have an effect on prediction of every single location. However, the prediction of any user's location in any particular area is significantly affected by environment structure. Fig. 5 shows the kernel density of estimated variables using the posterior probability function of two variables X [15] in Fig. 5(a) and Y [15] Fig. 5(b) . The bell shaped by posterior distribution shows that the Monte Carlo is reaching the convergence level. 6 shows three traces of random variables for X i in Fig. 6(a) ; for Y i in Fig. 6(b) . The three random variables were converged at a certain level so that generating samples more than 100,000 iterations exhibits no significant results. The first 10,000 iteration-generated samples were used for burnin period.
The initial values were used to start generating samples as specified by the iteration number. The effect of initial values of the system is decreasing as the iteration numbers are increasing. The selection of the initial values is crucial to obtain good system accuracy. The number of iterations that was used for this test was 100,000 iterations. Moreover, it used only a few numbers of APs (four APs) and reference points (15 points) which results in a low complexity system. The proposed model outperforms the first Bayesian model in reducing localization mean error by 25.65%.
V. CONCLUSION
Localization systems remain a considerable issue in wireless communication, especially in indoor environments. Localization techniques that depend on the experimental data continue to suffer from poor accuracy and high computational cost. Simulation data do not provide accurate location in real-time environments. We proposed a Bayesian graphical model based on fingerprinting location algorithm in this study. The proposed Bayesian graphical model achieved an average accuracy of 2.9 m with an improvement of 25.65% using 15 reference points. In the future work, the proposed model can be improved by considering multi-floor environment where the floor attenuation factor adds to the Bayesian network.
